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Binding of 2-HOCPA and related compounds in the active site of SABP2.
SABP2 binding modes of chlorosalicylic acid, chlorohydroxypyridinylcarboxylic acids and thiadiazolylcarboxylic acids. The corresponding models for SA, CPA and 2-HOCPA are shown in Fig. 6 . Potential ligands were docked to the SABP2 crystal structure 1Y7I (1) after addition of hydrogen atoms and removal of nonprotein moieties using Glide as implemented in Maestro (2, 3) . The docking includes a spatial fit of the ligand to the receptor grid, followed by minimization and scoring of hits based on a discretized ChemScore function (4, 5) . Ligands were flexibly docked using standard precision and the top hits were examined. Table 3 . Neonicotinoid-induced enhanced resistance of Arabidopsis to powdery mildew. Disease rating scores for each plant summarized in Table 1 and details of scoring system are provided below. Total RNA was extracted from 100 mg of each frozen leaf sample using the Qiagen RNeasy Plant RNA Mini kit (Qiagen, Valencia, CA). RNA was quantified using the Nanodrop 1000 (Thermo Scientific, Wilmington, DE) and quality assessed by determining the A260/A280 ratio.
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Target labeling, microarray hybridizations to Affymetrix ATH1 arrays and array scanning were performed by the Functional Genomics Laboratory (UC Berkeley). Expression values (log 2 ) for two independent biological replicates per treatment were extracted using robust multiarray analysis with perfect match correction and quantile normalization as in (1) . Genes with !2 fold change in treated versus control samples were computed using a false discovery rate (q-value) " 5% with Partek Genomics suite (Partek). TAIR9 gene functional descriptions (2) 
SI Method 2. Induction of PR1 by reverse transcription PCR.
First strand cDNA synthesis was performed on DNase-treated total RNA samples using Superscript III Reverse Transcriptase (Invitrogen). PCR reactions were performed using PR1 or UBQ5 primers with amplified products analyzed by gel electrophoresis. PR1 forward primer, 5'-GAAAACTTAGCCTGGGGTAGC-3', PR1 reverse primer, 5'-TTCATTAGTATGGCTTCTCGTTCA-3'; UBQ5 forward primer, 5'-GAAGACTTACACCAAGCCGAAG-3'; UBQ5 reverse primer, 5'-TTCTGGTAAACGTAGGTGAGTCC-3.
SI Method 3.
Synthesis of 6-chloro-2-hydroxypyridinyl-3-carboxylic acid.
2-HOCPA has been previously prepared as a byproduct in the basic hydrolysis of 2,6-dichloro-3-pyridinecarboxylic acid in refluxing sodium hydroxide (5 equivalents) aqueous solution which yields some 2-hydroxy but mostly 6-hydroxy isomer (1). Hydrolysis conditions were studied in order to improve the 6-hydroxy to 2-hydroxy ratio. Unfavorable ratios (given in parenthesis) were observed when using 5 equivalents of sodium hydroxide ( Hydroxy-6-chloropyridinyl-3-carboxylic acid (compound 3) has been previously prepared by microbial oxidation of 6-chloropyridinyl-3-carboxylic acid and is also produced during the hydrolysis of 2,6-dichloropyridinyl-3-carboxylic acid in refluxing sodium hydroxide solution (2).
Our observation on repeating the hydrolysis of compound 1 with NaOH was a 4:1 ratio of compound 2 to compound 3 in quantitative yield (Scheme A). We greatly improved the synthesis of compound 3 by using a variety of bases to conduct the hydrolysis of compound 1.
Scheme A: Solvolysis of 2,6-Dichloropyridinyl-3-carboxylic acid Interestingly, as shown in Table A , alkali metal bases (e.g. LiOH, NaOH, KOH) favored formation of 6-hydroxy isomer (compound 2) upon hydrolysis of compound 1 whereas alkali earth bases (CaO, Ba(OH) 2 ) tended to favor formation of 2-hydroxy isomer (compound 3). A notable exception to this trend was MgO, which favored formation of compound 2. In most cases, nearly quantitative conversion of chloronicotinate to hydroxynicotinate occurred within the given time. However, when MgO or Ba(OH) 2 was used as the base, the reaction did not proceed to completion even after 24 h. An important difference is that solvolyses conducted with alkali metal bases proceeded as homogeneous reaction solutions, whereas alkali earth bases are only sparingly soluble in water and therefore result in heterogeneous mixtures. Although solvolysis reactions with CaO typically resulted in complete conversion of compound 1 to 2 and 3, isolation of compound 3 by crystallization from the crude mixture was challenging. Even after optimizing the purification protocol, only 17% of 3 could be obtained pure.
Mechanistic Considerations. The reversal in selectivity in the solvolysis of compound 1 employing a base with a divalent counterion (e.g. Ca(OH) 2 or Ba(OH) 2 ), might involve an intramolecular delivery of hydroxide (Scheme B) to yield compound 5 and ultimately 3 after workup. With monovalent cations (such as Na + or K + ) the nicotinate would undergo preferential substitution at C-6 because Coulombic repulsion of the carboxylate and the hydroxide nucleophile disfavors substitution at C-2.
Scheme B: Intramolecular Delivery of Hydroxide
As another possible effect of the counterion, the bases that favored the 2-substituted product (e.g. CaO, Ba(OH) 2 ) had significantly lower dissociation constants (3) than those that favored the 6-substituted product (e.g. LiOH, NaOH, KOH). This suggested that the reversal in selectivity could simply be a hydroxide concentration effect. In order to explore the possibility that hydroxide concentration was responsible for the selectivity of the reaction, dichloropyridinyl-3-carboxylic acid 1 was subjected to hydrolysis conditions for 2 h with exactly one equivalent of sodium hydroxide (in order to generate carboxylate 6). Under these conditions, hydrolysis was not observed, and only starting material was recovered. This observation disfavors a mechanism where water is acting as the nucleophile (Scheme C) in the presence of the carboxylate.
Yet another mechanistic possibility is that the reversal of reactivity could be caused by the heterogeneous nature of the reaction mixture when CaO is used, i.e., at the surface of the undissolved CaO (or Ca(OH) 2 ) a manifold of reactivity different from solution-phase reactions could operate. This particular scenario cannot be discounted. Table A . A mixture of 2,6-dichloropyridinyl-3-carboxylic acid (60 mg, 0.313 mmol) and the designated base (specified equivalents) in water (2 ml) was placed into a 4 ml vial with a Teflon® lined cap and heated to reflux for the indicated amount of time, then cooled and acidified with with 12 N hydrochloric acid (142 #l, 1.703 mmol). When LiOH, NaOH, or KOH was used, the reaction mixture was cooled for 30 min in an ice bath and the resulting solid was collected by filtration and washed with water. When MgO, CaO, or Ba(OH) 2 was used, the acidified mixture was diluted with water (4 ml), then extracted with ethyl acetate (3 x 3 ml). The combined extract was dried over magnesium sulfate and concentrated. In all cases, nearly complete mass recovery was possible, taking into account a small loss on glassware. Yields were not calculated, but the ratio of products was determined by integration of characteristic resonances in the 1 H NMR.
General Methods for Conditions in
Synthetic Methods.
2-Chloro-6-hydroxypyridinyl-3-carboxylic acid (compound 2). A mixture of 2,6-dichloropyridinyl-3-carboxylic acid (60 mg, 0.31 mmol) and aqueous potassium hydroxide (2.0 M, 780 #l, 1.6 mmol) was placed into a 4 ml vial with a Teflon®-lined cap. The reaction mixture was heated at 120 °C for two hours and then cooled to room temperature. 6-Chloro-2-hydroxypyridinyl-3-carboxylic acid (compound 3). 2,6-Dichloropyridinyl-3-carboxylic acid 1 (300 mg, 1.6 mmol), calcium oxide (290 mg, 5.1 mmol), and water (20 ml)
were heated in a 50 ml Schlenk flask for 48 hours at 128 °C and then acidified with 1M
hydrochloric acid (20 ml) and extracted with ethyl acetate (4 x 20 ml). The combined ethyl acetate extract was washed with brine (10 ml), dried over magnesium sulfate and concentrated to
give a quantitative yield of a mixture of two products determined by 1 H NMR to be a 3:1 ratio of compound 3 to 2. The crude material was taken up in boiling ethanol (about 5 ml) and the solution was decanted away from some remaining insoluble material. The ethanol solution was concentrated, and the remaining solid was dissolved in boiling ethanol (2 ml) and allowed to crystallize over 2 days at rt. previously reported data (1). 
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